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ABSTRACT 

Hybrid t r a j e c t o r y  miss ions  w i t h  a DPS a b o r t  capa- 
b i l i t y  a r e  f e a s i b l e  from J u l y  through October  1 9 7 1  f o r  a 
s p a c e c r a f t  i n j e c t e d  weight  up t o  1 0 7 , 0 0 0  lbs .  November AV 
requi rements  p rec lude  a mission t o  Marius H i l l s .  

The s t r a t e g y  t h a t  a l lows  mis s ions  i n  September 
and October r e q u i r e s  an e a r l y  r e t u r n  t o  e a r t h  i n  t h e  even t  
of a LM r e scue  by t h e  CSM. I f  r e scue  i s  n o t  performed, t h e  
AV a l l o t m e n t  f o r  t h e  r e scue  maneuver i s  used t o  ex tend  t h e  
o r b i t a l  s t a y  t o  t h r e e  days a f t e r  a s c e n t  f o r  l u n a r  o r b i t a l  
science. Missions i n  September and October would r e q u i r e  a 
r educ t ion  i n  t h e  contingency oV allowance from 1 0 0 0  f p s  t o  
800 f p s  i f  t h e  s p a c e c r a f t  weights  reach  c o n t r o l  weight  va lues .  

The f e a s i b i l i t y  of t h i s  sequence of miss ion  oppor- 
t u n i t i e s  provides  f l e x i b i l i t y  t o  respond t o  l a t e  l u n a r  roving 
v e h i c l e  r e a d i n e s s .  The f i r s t  l u n a r  roving v e h i c l e  i s  scheduled 
f o r  d e l i v e r y  t o  KSC on Apr i l  1, 1 9 7 1 ,  which suppor t s  t h e  nomi- 
n a l  launch d a t e  of J u l y  3 0 ,  1 9 7 1  f o r  t h e  Marius H i l l s  miss ion .  
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MEMORANDUM FOR FILE 

The c u r r e n t  s chedu le  f o r  d e l i v e r y  o f  t h e  f i r s t  
l u n a r  roving  v e h i c l e  (LRV) t o  KSC i s  A p r i l  1, 1971. Th i s  
w i l l  s u p p o r t  a launch d a t e  of J u l y  3 0 ,  1 9 7 1 .  To p r o v i d e  f o r  
t h e  p o s s i b i l i t y  of a l a t e  LRV d e l i v e r y ,  t h e  f e a s i b i l i t y  of  
a m i s s i o n  t o  Marius H i l l s  (which depends on t h e  LRV avai l -  
a b i l i t y )  i n  t h e  p e r i o d  of J u l y  through October  has  been 
examined. The mis s ions  cons idered  r e t a i n  t h e  h y b r i d  t ra -  
j e c t o r y  p r o f i l e ,  DPS a b o r t  c o n s t r a i n t  and Pac i f i c  i n j e c t i o n .  

The p r e s e n t  cont ingency al lowance i n  t h e  SPS nV 
budget  i n c l u d e s  900  f p s  f o r  LM rescue. This  requi rement  i s  
root  sum squared  w i t h  a 500 f p s  a l lowance f o r  e a r t h  l and ing  
zone weather  avoidance and a 150 f p s  a l lowance f o r  do ing  
t r a n s e a r t h  i n j e c t i o n  ( T E I )  w i t h  back-up guidance ,  which y i e l d s  
a t o t a l  cont ingency allowance of 1040 f p s  (1000 f p s  i s  a c t u a l l y  
u s e d ) .  The t o t a l  mis s ion  independent  budget  employed i s  g iven  
i n  T a b l e  1. 

The maximum a l lowab le  s p a c e c r a f t  i n j e c t e d  weight  w a s  
f i r s t  determined on t h e  b a s i s  of  s p a c e c r a f t  p r o p u l s i o n  capa- 
b i l i t y  only .  This  answers t h e  q u e s t i o n :  g i v e n  a u s a b l e  pro-  
p e l l a n t  q u a n t i t y  of 39,550 l b s .  and a LM weight  o f  36 ,110  l b s . * ,  
what i s  t h e  CSM we igh t  tha t  w i l l  r e q u i r e  t h e  e n t i r e  p r o p e l l a n t  
a v a i l a b l e ?  Both t h e  miss ion  dependent  and mis s ion  independent  
AV requi rements  are cons idered .  For  a g iven  set  of mis s ion  AV 
requi rements  t h e  a l lowab le  s p a c e c r a f t  i n j e c t e d  we igh t  as d e t e r -  
mined by SPS c a p a b i l i t y  can exceed a launch v e h i c l e  i n j e c t e d  pay- 
l o a d  c a p a b i l i t y  of 107,000 l b s .  For  t h e  proposed c o n t r o l  we igh t  
s p a c e c r a f t  (Table  2 )  f u l l  SPS t a n k s  r e s u l t  i n  an i n j e c t e d  we igh t  
of  107,000 l b s .  A s  a r e s u l t ,  f o r  cases where a l lowab le  i n j e c t e d  
we igh t  exceeds 107,000 lbs .  a c o n t r o l  weight  s p a c e c r a f t  flown 
w i t h  f u l l  t anks  y i e l d s  a p o s i t i v e  SPS f u e l  reserve above t h e  re- 
qui rements .  

*This LM we igh t  i s  40 l b s .  below t h e  APO proposed 
c o n t r o l  weight ,  which keeps s p a c e c r a f t  i n j e c t e d  weight  a t  
107,000 lbs .  
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Hybrid miss ions  w e r e  t a r g e t e d  f o r  v a r i o u s  p o s t -  
rendezvous o r b i t a l  s t a y  t i m e s .  Missions i n  September and 
October wi th  proposed c o n t r o l  weight  s p a c e c r a f t  (Table  2 )  
are n o t  f e a s i b l e  w i t h  a three-day o r b i t a l  s c i e n c e  s t a y  a f t e r  
rendezvous i f  t h e  f u l l  contingency AV allowance i s  r e q u i r e d .  
However, a new s t r a t e g y  i s  suggested.  I n  t h e  e v e n t  a LM res- 
cue i s  requi red ,  an e a r l y  r e t u r n  t o  e a r t h  ( a f t e r  f o u r  l u n a r  
o r b i t s )  would be performed. This  i s  p o s s i b l e  s i n c e  t h e  T E I  
AV c o s t  f o r  Marius H i l l s  decreases  a s  l u n a r  o r b i t a l  s t a y  t i m e  
i s  decreased  a s  i l l u s t r a t e d  i n  F igu re  1. By employing an 
e a r l y  TEI  fo l lowing  a r e scue ,  a miss ion  i s  f e a s i b l e  i n  September 
wi th  5 2  c u r r e n t  weights  (Reference 2 )  as shown i n  F igu re  2 .  

F igure  3 i l l u s t r a t e s  t h e  contingency AV a v a i l a b l e  f o r  
a Marius H i l l s  m i s s i o n  i n  t h e  p e r i o d  from J u l y  through October .  
I n  September and October t h e  a v a i l a b l e  contingency AV i s  below 
t h e  p r e s e n t  a l l o c a t i o n ,  however t h e  use of an e ight -hour  pos t -  
a s c e n t  s t a y  would r e s u l t  i n  a minimum cont ingency AV of 800  f p s  
f o r  an October m i s s i o n .  I f  a LM rescue w e r e  n o t  r e q u i r e d  and 
t h e  o r b i t a l  s t a y  t i m e  pos t -ascent  was then  extended t o  t h r e e  
days,  t h e  cont ingency AV a v a i l a b l e  f o r  back-up T E I  and weather  
avoidance would be 760 f p s  i n  September and 320 f p s  i n  October .  

T r a j e c t o r y  d a t a  f o r  t h e s e  m i s s i o n s  has  been inc luded  
i n  Table  3 .  Relaxa t ion  of t h e  DPS a b o r t  c o n s t r a i n t  f o r  t h e  
nominal miss ion  i n  September would n o t  reduce t h e  s p a c e c r a f t  SPS 
AV requirements  s i n c e  t h e  optimum t r a j e c t o r y  does n o t  r e q u i r e  
t h e  f u l l  DPS a b o r t  aV a v a i l a b l e .  

The f e a s i b i l i t y  of a miss ion  i n  November 1 9 7 1  was 
examined and it was found t h a t ,  even wi th  c u r r e n t  J 2  weights  and 
d e l e t i o n  of t h e  1 0 0 0  fps  contingency allowance, t h e  miss ion  was 
n o t  pos s i b  l e .  

I n  t h e  pe r iod  examined launch v e h i c l e  energy r e q u i r e -  
ments a r e  always below t h e  r e f e r e n c e  c a p a b i l i t y  of -8.06 x 
1 0  f t  /sec2 p l u s  32.8 f p s  of f l i g h t  geometry r e s e r v e s .  The re- 
duced energy requirement  t r a n s l a t e s  i n t o  a reduced T L I  v e l o c i t y  
requirement  t h a t  ranges from 53 f p s  i n  J u l y  t o  73 f p s  i n  October .  
Using a s e n s i t i v i t y  of 1 0  lbs.  payload p e r  f p s  and i n c l u d i n g  23 f p s  
of t h e  FGR*, t h e  payload i n c r e a s e  ranges from 750 l b s .  i n  J u l y  t o  
960 l b s .  i n  October.  I n  p r a c t i c e  t h i s  de l t a  could be used t o  o f f -  
s e t  t h e  need f o r  a launch window reduc t ion  o r  r e s t r i c t i o n  t o  f i r s t  
i n j e c t i o n  oppor tun i ty .  

6 2  

*The FGR allowance of 32.8 f p s  ( 1 0  meters/second) i n -  
c ludes  23 f p s  f o r  Earth-Moon geometry v a r i a t i o n ,  which may be 
a p p l i e d  t o  payload once t h e  s p e c i f i c  energy requirements  f o r  a 
m i s s i o n  a r e  de te rmined .  



BELLCOMM. I N C .  - 3 -  

CONCLUSIONS 

A Marius H i l l s  miss ion  i s  f e a s i b l e  w i t h  a c o n t r o l  
we igh t  s p a c e c r a f t  i n  t h e  pe r iod  from J u l y  through October  1971 .  
I n  September and October  an e a r l y  r e t u r n  t o  E a r t h  would have t o  
be performed i n  t h e  e v e n t  of a LM r e s c u e .  I n  o r d e r  t o  p r o v i d e  
t h e  f u l l  th ree-day  o r b i t a l  s c i e n c e  p a r t  of t h e  cont ingency 
al lowance must be  used f o r  T E I .  For  a c o n t r o l  we igh t  space-  
c r a f t  t h e ' c o n t i n g e n c y  budget  would have t o  b e  reduced t o  800 f p s  
t o  a l l o w  e a r l y  r e t u r n  i n  September and October. I f  s p a c e c r a f t  
w e i g h t s  do n o t  grow t o  t h e  107 ,000  lb .  i n j e c t e d  we igh t  assumed, 
SPS AV reserves w i l l ,  o f '  course, b e  g r e a t e r  t h a n  t h o s e  shown. 

20 13-DRA- j a b  D. R. Anselmo 
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Attachments:  
Tables 1 through 3 
F i g u r e s  1 through 3 
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TABLE I 

M i s s i o n  I n d e p e n d e n t  AV B u d g e t  

A V  P r e  LM S e p a r a t i o n  

T r a n s l u n a r  a n d  L O 1  D i s p e r s i o n  A l l o w a n c e  
SPS D O 1  Maneuver  
C o n i c  C a l i b r a t i o n  

T o t a l  

AV P o s t  LM S e p a r a t i o n  

P o s t  DO1 C i r c u l a r i z a t i o n  
C o n i c  C a l i b r a t i o n  

C o n t i n s e n c i e s  

120  f p s  
7 5  f p s  
35  f p s  - 

230 f p s  

75 f p s  
50 f p s  

LM Rescue 900 
Wea the r  Avo idance  500 
SCS TEI 150 

RSS 1 0 0 0  

1000 f p s  

To ta l  1125  f p s  



TABLE 2 

SPACECRAFT WEIGHTS (LBS. ) 

CM I n e r t *  

S M  I n e r t *  

S M  S c i e n c e *  

SLA* 

LM I n c l u d i n g  850 l b .  
S c i e n c e  Pay load***  

SPS U n u s a b l e  P r o p e l l a n t * *  

SPS U s a b l e  P r o p e l l a n t  

DPS Usable P r o p e l l a n t  

13 ,000  

12 ,800  

7 50 

4,150 

36,110 

6 4 0  

39 ,550  

107 ,000 

18 ,800  

*Proposed  c o n t r o l  weights (Reference 1) 

* * D i s D e r s i o n  a n d  m a l f u n c t i o n  a l l o w a n c e  

***Proposed  c o n t r o l  weight LM i s  36 ,150  
which  i n c l u d e s  1000 lbs .  of LM s c i e n c e .  
36,110 u s e d  t o  keep i n j e c t e d  weight  a t  
107 ,000  l b s .  m a x i m u m .  
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